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On behalf of the Regulatee and pursuant to Unit IT B.1.b. and Unit I C of the
6/28/91CAP Agreement, E.I. Du Pont de Nemours and Co. hereby submits (in triplicate) the
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reporting standards and is not an admission: (1) of TSCA violation o liability; (2) that
Regulatee’s activities with the study compounds reasonably support a conclusion of substantial
health or environmental risk or (3) that the studies themselves reasonably support a conclusion
of substantial health or environmental risk.

The “Reporting Guide™ creates new TSCA 8(e) reportmg criteria which were not
previously announced by EPA in its 1978 Statement o tation and Enforcement Policy,
43 Fed Reg 11110 (March 16, 1978). The ““Reporting Gmde states criteria which expands
upon and conflicts with the 1978 Statement of Interpretation. Absent amendment of the

Statement of Interpretation, the informal issuance of the *‘Reporting Guide” raises significant
due processes issues and clouds the appropriate reporting standard by which regulated persons

can assure TSCA Section 8(e) compliance.
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ATTACHMENT 1

Submission of information is made under the 6/28/91 CAP Agreement,
Unit II. This submission is made voluntarily and is occasioned by recent
changes in EPA's TSCA §8(e) reporting standard; such changes made, for
the first time in 1991 and 1992 without prior notice and in violation of
Regulatee's constitutional due process rights. Regulatee's submission of
information under this changed standard is not a waiver of its due process
rights; an admission of TSCA violation or liability, or an admission that
Regulatee's activities with the study compounds reasonably support a
conclusion of substantial risk to health or to the environment. Regulatee has
historically relied in good faith upon the 1978 Statement of Interpretation and
Enforcement Policy criteria for determining whether study information is
reportable under TSCA §8(e), 43 Fed Reg 11110 (March 16, 1978). EPA

has not, to date, amended this Statement of Interpretation.

After CAP registration, EPA provided the Regulatee the
June 1, 1991 "TSCA Section 8(e) Reporting Guide". This "Guide" has been
further amended by EPA, EPA letter, April 10, 1992. EPA has not indicated
that the "Reporting Guide" or the April 1992 amendment supersedes the

1978 Statement of Interpretation. The "Reporting Guide" and April 1992
amendment substantively lowers the Statement of Interpretation 's TSCA

§8(e) reporting standard?. This is particularly troublesome as the "Reporting
Guide" states criteria, applied retroactively, which expands upon and

conflicts with the Statement of Interpretation.? Absent amendment of the
Statement of Interpretation, the informal issuance of the "Reporting Guide"

and the April 1992 amendment clouds the appropriate standard by which
regulated persons must assess information for purposes of TSCA §8(e).

’In sharp contrast to the Agency's 1977 and 1978 actions to soliciting public comment on the proposed
and final §8(e) Policy, EPA has unilaterally pronounced §8(e) substantive reporting criteria in the 199]
Section 8(e) Guide without public notice and comment, See 42 Fed Reg 45362 (9/9/77), "Notification of
Substantial Risk under Section 8(e): Proposed Guidance”.

3a comparison of the 1978 Statement of Interpretation and the 1992 "Reporting Guide" is a appended.




Throughout the CAP, EPA has mischaracterized the 199] guidance as
reflecting "longstanding™ EPA policy concerning the standards by which
toxicity information should be reviewed for purposes of §8(e) compliance.
Regulatee recognizes that experience with the 1978 Statement of
Interpretation may cause a review of its criteri. Regulatee supports and has
no objection to the Agency's amending reporting criteria provided that such
amendment is not applied to the regulated community in an unfair way.
However, with the unilateral announcement of the CAP under the auspices of
an OCM enforcement proceeding, EPA has wrought a terrific unfairness
since much of the criteria EPA has espoused in the June 1991 Reporting -
Guide and in the Agency's April 2, 1992 amendment is new criteria which
does not.exist in the 1978 Statement of In tion Enforcement

Policy.

The following examples of new criteria contained in the "Reporting

Guide" that is not contained in the Statement of Interpretation follow:

© even though EPA expressly disclaims each "status report” as being preliminary
evaluations that should not be regarded as final EPA policy or intent?, the "Reporting
Guide" gives the "status reports™ great weight as "sound and adequate basis” from
which to determine mandatory reporting obligations. ("Guide" at page 20).

o the "Reporting Guide" contains a matrix that establishes new numerical reporting
"cutoff™ concentrations for acute lethality information ("Guide" at p. 31). Neither
this matrix nor the cutoff values therein are contained in the Statement of
Interpretation. The regulated community was not made aware of these cutoff values
prior to issuance of the "Reporting Guide" in June, 1991.

othe "Reporting Guide" states new specific definitional criteria with which the Agency,
for the first time, defines as 'distinguishable neurotoxicological effects'; such

criteria/guidance not expressed in the 1978 Mmm%

othe "Reporting Guide” provides new review/ reporting criteria for irritation and
sensitization studies; such criteria ot previously found in the 1978 Statement of
terpretation/Enforc t Policy.
othe "Reporting Guide" publicizes certain EPA Q/A criteria issued to the Monsanto
Co. in 1989 which are not in the Statement of Interpretation; have never been
published in the Federal Register or distributed by the EPA to the Regulatee. Such
Q/A establishes new reporting criteria not previously found in the 1978 Statement of

Interpretation/Enforcement Policy .

“The 'status reports' address the significance, if any, of particular information reported to the Agency,
rather than stating EPA's interpretation of §8(e) reporting criteria. In the mfrequent instances in which the
status reports contain discussion of reportability, the analysis is invariably quite limited, without
substantial supporting scientific or legal rationale.

5 See, e. £ 10/2/91 letter from Du Pont to EPA regarding the definition of ‘serious and prolonged
effects’ as this term may relate to transient anesthetic effects observed at lethal levels; 10/1/91 letter from
the American Petroleum Institute to EPA regarding clarification of the Reporting Guide criteria.



In discharging its responsibilities, an administrative agency must give
the regulated community fair and adequate warning to as
what constitutes noncompliance for which penalties may be assessed.

Among the myriad applications of the due process clause is the fundamental principle
that statutes and regulations which purport to govern conduct must give an adequate
warning of what they command or forbid.... Even a regulation which governs
purely economic or commercial activities, if its violation can engender penalties,
mustbesofmmedastoproVidelconstimtjonal]y adequate warning to those whose
activities are governed.

Diebold, Inc. v. Marshall, 585 F.2d 1327, 1335-36 (D.C. Cir. 1978). See

also, Rollins Environemn rvi ng, v nmen

Protection Agency, 937 F. 2d 649 (D.C. Cir. 1991).

While neither the are rules, This principle has been applied to hold
that agency 'clarification’, such as the Statement of In i
"Reporting Guide” nor the April 1992 amendments will not applied
retroactively.

...a federal court will not retroactively apply an unforeseeable interpretation of an
administrative regulation to the detriment of a regulated party on the theory that the
post hoc interpretation asserted by the Agency is generally consistent with the
policies underlying the Agency's regulatory program, when the semantic meaning of
the regulations, as previously drafted and construed by the appropriate agency, does
Dot support the interpretation which that agency urges upon the court.

Standard Qil Co. v. Federal Energy Administration, 453 F. Supp. 203, 240
(N.D. Ohio 1978), aff'd sub nom. Standard Qil Co. v. ment of
Energy, 596 F.2d 1029 (Em. App. 1978):

The 1978 Statement of Interpretation does not provide adequate notice

of, and indeed conflicts with, the Agency's current position at §8(e) requires
reporting of all 'positive’ toxicological findings without

regard to an assessment of their relevance to human health. In accordance
with the statute, EPA's 1978 Statement of Interpretation requires the
regulated community to use scientific judgment to evaluate the significance of
toxicological findings and to determining whether they reasonably support a

conclusion of a substantial risk. Part V of the Statement of Interpretation

urges persons to consider "the fact or probability” of an effect's occurrence.
Similarly, the 1978 Statement of Interpretation stresses that an animal study
1s reportable only when "it contains reliable evidence ascribing the effect to
the chemical.” 43 Fed Reg. at 11112, Moreover, EPA's Statement of
Interpretation defines the substantiality of risk as a function of both the
seriousness of the effect and the probability of its occurrence. 43 Fed Reg
11110 (1978). Earlier Agency interpretation also emphasized the
"substantial" nature of a §8(e) determination. See 42 Fed Reg 45362, 45363




(1977). [Section 8(e) findings require "extraordinary exposure to a chemical
substance...which critically imperil human health or the environment"].

The recently issued "Reporting Guide” and April 1992 Amendment
guidance requires reporting beyond and inconsistent
with that required by the Statement of Interpretation. Given the statute and
the Statement of Interpretation's explicit focus on substantial human or

environmental risk, whether a substance poses a "substantial risk” of injury
requires the application of scientific judgment to the available data on a case-
by-case basis.

If an overall weight-of-evidence analysis indicates that this
classification is unwarranted, reporting should be unnecessary under §8(e)
because the available data will not "reasonably support the conclusion” that
the chemical presents a substantial risk of serious adverse consequences to
human health,

Neither the legislative history of §8(e) nor the plain meaning of the
statute support EPA's recent lowering of the reporting threshold that TSCA
§8(e) was intended to be a sweeping information gathering mechanism. In
introducing the new version of the toxic substances legislation,
Representative Eckhart included for the record discussion of the specific
changes from the version of H. R. 10318 reported by the Consumer
Protection and Finance Subcommittee in December 1975. One of these
changes was to modify the standard for reporting under §8(e). The standard
in the House version was changed from "causes or contributes to an
unreasonable risk” to "causes or significantly contributes to a substantial
risk”. This particular change was one of several made in TSCA §8 to avoid
placing an undue burden on the regulated community. The final changes to
focus the scope of Section 8(e) were made in the version reported by the
Conference Committee.

The word "substantial” means "considerable in importance, value,
degree, amount or extent". Therefore, as generally understood, a
"substantial risk" is one which will affect a considerable number of people or
portion of the environment, will cause serious injury and is based on
reasonably sound scientific analysis or data. Support for the interpretation
can be found in a similar provision in the Consumer Product Safety Act.
Section 15 of the CPSA defines a "substantial product hazard" to be:

"a product defect which because of the pattern
of defect, the number of defective products
distributed in commerce, the severity of the
risk, or otherwise, creates a substantial risk
of injury to the public."




Similarly, EPA has interpreted the word 'substantial' as a quantitative
measurement. Thus, a 'substantial risk' is a risk that can be quantified, See,
56 Fed Reg 32292, 32297 (7/15/91). Finally, since information pertinent to
the exposure of humans or the environment to chemical substances or
mixtures may be obtained by EPA through Sections 8(a) and 8(d) regardless
of the degree of potential risk, §8(e) has specialized function. Consequently,
information subject to §8(e) reporting should be of a type which would lead a
reasonable man to conclude that some type action was required immediately
to prevent injury to health or the environment.




Attachment
Comparison:

Reporting triggers found in the 1978 "Statement of Interpretation/ Enforcement
Policy",43 Fed Reg 11110 (3/16/78) and the June 1991 Section 8(e) Guide.

TEST TYPE 1978 POLICY New 1991 GUIDE
CRITERIA EXIST? CRITERIA EXIST?

ACUTE LETHALITY
Oral N} Y}
Dermal N} Y}
Inhalation (Vapors) y6 y7
aerosol N} Y}
dusts/ particles N} Y}
SKIN IRRITATION N Y8
SKIN SENSITIZATION (ANIMALS) N Y®
EYE IRRITATION N yio
SUBCHRONIC
(ORAL/DERMAL/INHALATION) N yli
REPRODUCTION STUDY N Yi2
DEVELOPMENTAL TOX Y13 yl4

©43 Fed Reg at 11114, comment 14:
"This policy statements directs the reporitng of specifiec effects when unknown to the
Administrator. Many routine tests are based on a knowledge of toxicity associated with a
chemicall. unknown effects occurring during such a range test may have to be reported if
they are those of concern tot he Agency and if the information meets the criteria set forth in
Parts V and VIL."

TGuide at pp.22, 29-31.

8Guide at pp-34-36.

9Guide at pp-34-36.

10Guide at pp-34-36.

11 Gyide at pp-22; 36-37.

12Guide at pp-22

1343 Fed Reg at 11112
"Birth Defects" listed.

14Guide at pp-22




NEUROTOXICITY
CARCINOGENICITY
MUTAGENICITY

In Vitro
In Vivo

ENVIRONMENTAL
Bioaccumulation
Bioconcentration
Oct/water Part. Coeff.
Acute Fish

Acute Daphnia
Subchronic Fish
Subchronic Daphnia

Chronic Fish

AVIAN

Acute
Reproductive
Reprodcutive

13Guide at pp-23; 33-34.

1643 Fed Reg at 11112
"Cancer" listed
17Guide at pp-21.

Y16

Y}18

Y}
Y}20

zZ Zz Z =z

r A A4

1843 Fed Reg at 11112; 11115 at Comment 15

"Mutagenicity” listed/ in vivo vs invitro discussed; discussion of "Ames test".

19Guide at pp-23.

2043 Fed Reg at 11112; 11115 at Comment 16.

yis
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CAS: 124-73-2; 75-61-6; 353-59-3
Chem: 1,2-dibromotetrafluoroethane; dibromodifluoromentahne;
~bromochlorodifluoromethane
Title: On the Acute toxicity of Halons
Date: 7/2/70
Summary of effects: tremors, motor paralysis




FROM THE RESEANCH LAEORATORIES OF KALI-CREMIE AG

O THE ACUTE TOXICITY OF HALONS
by

X ¥ von Eickstedt, H W Paucksch and W HSppe
with technical assistance from R Braeckow and H Hahne

SUMMARY

The toxic concentrations of Halons 1202 (Canrz), 1211 (crzcmr) and
2402 (cr-z.;rcrzar) wore studied exporimentally 4in animals using an
airtight Plexiglass care through which the test Halon/alir mixture
was passed, The concentratian in the mixture of each of the Halons
studied was steadily raised, Control of the Halon concentrations in
the air mixtures was achieved by means of floating-body gauges. The

Halon concentrations were cortinuously recorded by gas density monitors,

In order to detormine the toxic concentrations of the three different
Halons the onset of toxic symptoms was establ.shed b’ observation a2t
rats., The symptams established in the rats were compared as regards

dosage dependence by reference to the Halon concentration recorded,

Toxic symptoms such as tremor, narcotic motor paranlysis, cramps end
respiratory disorders were produced by concentrations in air of greater
than 6 vol % Halon 1211 (mare than 99 vol % purs). Mixing Halon 1202
with 1211 increased the taxicity of Halon 1211,

The toxic symptoms caused by inhalation of pure Halon 1202 in air
(purity 99.9 vol ) were produced by concentrations less then 2 vaol %,

The toxic concentration for cbservable toxic symptoms due to Halon
2402 inhalation was found to be between 1.2 and 3,2 vol % in air,

By exporimentstion at highor Halon concentrations the mean lethal
doses were calculated in vol % from the number of rats deed,. The
lowost LD5O acute toxicity was that for Balon 1211 of fire-exting-
uisher purity grade 59.6%. Its LDSO was 22,5 vol %, while the
corresponding values for Halons 2402 and 1202 were 5.8 and 4.0 vol %

respectively for the pure compounds in air,

06,/24,/1992




Experiments on single cats showed, as had been found for the rats,
that the Halon 1211 concentrations which would cause toxic sympt oms
were higher than for Halom 2402,

Introduction

The properties and applications of the traditional tire-extinguishing
agents water, powder and co2 have long been.known, The development
of the technique has brought new risks and has defined the limits of
their spplicability more suarply, Efforts were therefore made to
tackle fires, especially developing fires, in other ways. For this
purpose compounds which influence the combustion process chemically
were sultable,

The organchalogens (1,2) were found to be specific reactive agents,
The simplest compound of this type was carbon tetrachloride. Lxperience
obtained with this scon led to limitation and “inally to cauplete
Prohibition of its use as an extinguisher in many countries, A summary
has been publisghed (3) of accidznts with carbon tetrachloride in the
USA. 1Its use as an extinguisher has been forbidden in the German
Pederal Republic since 1964 (4), Simple brominated hydrocarbons such
as methyl bromide were found to be unsuitable because of the toxicity
of the pure substance (5),

The successor to carbon tetrachloride, chlorobromomethane (CB), was
at once found not to be haruless, 80 we may understand why the whole
halogeno~hydrocarbon group found only limited application in fire
extinguishing, #or the same reasom the maximum allowed amount in
¥, Germany was liaited to 2 litres per extinguisher (22,23). A '
fundamental change began with the increasing use of fluorinated hydro~
carbons, Research on the relation between their chemical structure
and their toxic action had already been carried out (8,9).

The difficultv experienced in rendering compounds containing several
halogens in one molecule comprehensible to non-chemists very soon led
to & siwmplified description of these extinguishing materials (10),
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'The normal Englhhﬁ?.fmzuaga generic term "hnl‘ogqnated h‘y’t;rocnrbon"
was contracted to "Halon". To this is added a number, normally four-
figured; the left-handmost digit ihdicates the number of carbon atoms
in thé molocule, then comes the mumbor of fluarine, then chlorine them
{right-handmost) bromine atoms. Terminal zercs are wsitted, If one
of theso elements is not present, a zerc is written in its plice.

Of tho many thooretically possible fluorinated Halons only a few have
been of considerable significance, They are as follows:

Halon 1202 Dibromodiflucromethane (‘.l?zarz
Halon 1211 pBromochlorodifluoromethans cn?zcmr
Halon 1301 Bromotrifluoromethane CF:,Br

Halon 2402 1,2-dibromotetratluarcethane CFZBrci‘zBr

Their physical and chemical propesrties, methods of use in fire-
extinguishing and toxic effects have already been studied and reported
(6,7). The authors concluded that of all the <ompourds studied Huson
1211 possesses the best combination of properties, activity and tolera-~
bility. Thereaftsr developwents occurred differently in the USA and
Europe., V¥hile Halon 1301 was introduced in the USA (11), Halom 1211
was preferred in Europe (12),

Most recently Halon 2402 has also been more strongly recommended than
Halon 1211 (13,14,15). Since the literature contained very little on
the subject of Halons 2402 and 1202 and their action in the undecomposed
state on experimontal animals (7), it was decided tc compare these
substances with Halon 1211,

A comparigon of Halons 1211 and 2402 seemed even more necessa~, since
both were entered in the 'Underwriters Classificetion 5", L.e., in the
same group as carbon dioxide, propane and flucrotrichlorcmethane, so
that differences in toxicity were not recognised,

Use of hand vxtinguishers against a fire always involves the use of
only a limited quantity of Hmlon., For this reason Halons have been
used for some years for stationary installations, autcomatic fire
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protection of rooms and so on (12,16,17), always in such a way that
people are only briefly exposed to the extinguishing substance, In
both cases the riskes involved in using the conventional extinguishers,
i., CO2 are well known (18,19). Likewise the safe .y recommendations
aré also well understood (20,21).

Statement of the problen

Our purpose was to establish the acute toxic activities, om brief
exposur. to inhalation, of those flucrine-, chlorine- and bromine-
containing compounds which seemed in the light of their previously
discovered properties to be especially suitable for use in fire
extinguishing. We required to compar~ the concentrations in air at
which the compounds proiuced toxic effects in animal experiments.,

Properties of the Halons

The Halons used as fire-extinguishing compounds, i.e. 1211, 1202 and
2402, have in somo respects very different proyerties, scme of which
sre shown in Table 1,

TABLE 1

Halon
Foraula
Mol wt

M Pt (°C)
B Pt (°C)

Max allowed Conc
(Vol -~ ppm)

Underwriters Classification

Purities of the Halons used

The experiments were carried out with Halons of varying purity grades
g0 as also to observe the effect of the impurities on the animals’
behaviour, Table 2 shows the composition of the materials used.

Product 1 was a specially purified Halon 1211
Product 2 was Halon 1211 of normal commercial guality
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Product s 38 4 v nre pb} a;,pg& by
roduct 5 was-s speciali y_ purified Halon 1202 ¢
‘Proguct @ was Halon 2402 of normal ceumercial quality

Product'lwutho ‘raw ;ptdduet.ﬁbj.v’hiei; pro:_iugt 6 was obtu.md.

TALLE 2

|

|
ot
t
Composition of the Produets Used (1=7) 1n vol %

“ompound Degscription
Formula

Yarious
Impurities

Analzsll

The composition of the Haleons were determined by gas chronntognphy.
The values given in Table 2 for products 1, 2, 5, 6 and 7 are the
liquid compositions, and no significant changes

likely on vapourisation, For products

in composition were

3 and 4 the values tabulated
were determined in the gas=-phase in the mixture dosed,

OrEaniution of experiments
1. thstcnl chemical methods

In view of the dittering boiling points
dosing were adopted,

two different methods of

(s) Halon 1211 was teken from a steel vessel and fed in using
& floating-body gauge and needle valve, The Recessary hoat
for vapourisation was provided externally by immersion in
water thermostated to 3s°C, The Haloa 1311 flow was nixed
in a T-piece with the amcunt of air necessary to produce the
required concentration. The Halon concentration was varied
by varying the amount of Halon fed, keeping the air-flow rate
constant at 50 Nl/min during the experiment,
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(b) In dosing Halons 1202 and 2402 another method had to be
used in order to prevent condensation of the materials
before dilution, These substances were evaporated from
a thermostated vessel by a small measured air-flow, then
at once mixed with the main air-flow in a T-} .ece,
Variation of tho Halon concentration was effected by
varying the amount of evaporatud Halon/air mixture fed,

Measuremant of mixture densities was effected using two Pollux
recor“ing gas and densitameters (limits of error t 1% of scale-

end value), The scale ranges of measurement were

1,20 - 1,9 gn/c.:l3
and 1,20 ~ 2,95 ¢u|/c:l3 respectively

In addition to the recordiuag, the gas density was read and noted
at one minute intervals.

Halon concentrations in the air stream weve dutermined using gas
densitometers that were conuected either i pacallel or beyond the
experimental enclosure., Yhere the parallel arrangement was used
the gas flows were divided in proportion to the volumes of the
densitometer and the experimental enclosure so that we could at
any time know the gas density and hence the concentration in the
enclosure, In the second arrangement the wkole exhaust flow from
the experimental enclosure was passed through the densitometer,
which therefore registcred the enclosure concentration approx 30
secs previously, This elight disadvantage was compensated by the
simpler experimental array needed,

Pig. 1 shows the experimentsl arrangement 1 ueed for Halom 1211,
with gas densitometer set up in parsllel, while experimental arrange-
ment 2 is the version used for Halons 1203 and 2402, with gas
densitometer connocted at the exhaust side of the enclosure,

Animal experiment methods

Male Spregue-Dawley rats of the Ivanova strain (Xisslogg/Allgau) of
body weight 160~180 g, fed ad libitum on (?) standard food and
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dechlorinated tapwater, were usod in the first exporimental arrange-
mont, Until the start of the experiment the animals were kept in
macrolon cages at a constant temperature of 21 % 1°C, air humidity
5s 10% water, on granulated wood shavings, and were subjected to
a 12-hour iight-dark cycle, They were obtaine< from the breeding
unit in an infection-free state and acclimatised under controlled
conditions at the Kali-Chemie AG unimal house for several weeks
before the experiment,

10 rats were used for each experiment on the Halons. The animals
were placed in the piexiglass experimental enclosure (floor srea 30 x
70 cm), in which they could move about freely on a blotting paper
floor. This enclosure, in which the animals could easily be observed,
was airtight, Initially the normul behaviour of each animal group in
a current of pure air was observed, Only after this time, which could
be called the exploration phase, and lasted at least 10 minutes, after
which the animals' behaviour no longer varied significantl,, was the
Halon/ailr mixture exposure started, and its effect on the anirsls
established by cbserving the onset of toxic symptoms,

After determining the concentration which would produce toxic
symptoms, we then determined for each gas mixture the concentratiom
which killed half the experimental animals. For this a gradual
increase in the Halon concentration was applied, as is shown
separately for each experiment in Figs, 1 = 8, Calculation of the
Halon concentration lethal to half the experimental animals was
carried out in accordance with the method of Litchfield and Wilcoxom
by determining the mean lethal dose (n = 10) for each of the Halon
concentrations measured in the lethal range., The lethal councentra-
tions were expressed in Halon volume per cent. The calculation of
the mesn lethal dose was thus given by the Halon conéentution.
expressed as vol % in the inhaled air mixture (shown as LD in Pigs,
2 and 4 = 7). The particular doses used as a basis for this calcu~
lation resulted fram observation of the Halon concentration up to the
point whera one or several animals died acutely,

After the end of the experimcnt, at which point clean air was
passed into the experimental enclosurs, the surviving animals were
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returnsd to the macrolon cage previously described, and were observed
periodically over the next 24 hours. No further deaths were cbserved
during this period, it the animals had recovered during the first 2-

4 hours after the end of the experiment,

In the second series of experiments 6 adult cats were used in order
to allow mere precise cbservation of the behavioural changes in a
particular animal, The same experimental arrangement was used for
introduction of the gas mixture as in the rat experiments,

Results
AR

1, Observations in rats

(a) Action of Product 1. On exposure to increasing concentrations
of 99.9% Halon 1211 (i -oduct No. 1) a resction was already noted
in the rats during the first 10 minutes (after the end of the

exploration period) of the experiment, All 10 animals were
seen to be uneasy, and shook their heaut repoutedly, As can
be seen from Fig. 1, ths Halon 1211 ~oncer.tration in the
inhaled air had not yet increased to 3 vol % during this time,
In the next 5 minutes the animals also displayed an increased
grooming drive, 20 - 30 minutes after the start of the
grooming drive weakened somewhat, and the steresotyped head-
shaking movements, which were accompanied by eye-blinking,

ceased,

[Ficurs 1)

30 - 40 minutes after the start the stareotype behaviour
increased, and was accompanisd by gentle shaking of the raised
fore-paws, The Halon 1211 concentration now reached 3 vol %.
Above 3 vol % some of the animals began to lock for a way out
of the enclosure. 60 = BO minutes from the start, at a Halon
concentration of 4 vol % (see Fig.) the rats' behaviour had not
yet changed significontly. The animals' unesse decreased
again somewhat up to the hundredth minute, No further
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(b)

significant change in behaviour was seen below 8,5 vol % flalon,
Only above 7 vol %, reached after more than 24 hours, were the
first symptoms of a pathological nature obperved; these
consisted of motor disturbances, occurring perindically in s
few animals, Tomporery Jerky movements of tho extremities and
glddiness while moving were also noted., After 3 hours, at 7.9
vol % Halon, the animals began to tremble, became slightly
cysnotic and their breathing rate increased more, As the
concentration rose further the tramors became more severe and
were replaced by Jjeiking {very short-duration cramps). The
latter symptoms occurred at intervals in some of the animals
and when the Halon concentration reached 9 vol % two of the

10 rats lay on their stomechs anc had attacks of clonic-tonic
convulsions. At 9.7 vol % seven of the 10 rats were on their
stomachs and subject to these attacks, These animals dis-
played proncunced cyanosis. Strong tremor -,nd‘tncraned
breathing rate were observed in the intervals between the
generalised convulsions. At 11 vol % a.l the rats were

lying on their stomachs, with bouts ¢. severe clonic=tonic
convulaions. As before marked tremar and very frequent and
forced breathing were noted ip the intervals between attacks.
After the rats bad breathed Halon 1211 at 11 vol % in alr for
20 minutes, experiment 1 was terminated by f£lushing with fresh
air. Fifteen minutes after the beginning of fresh air flow all
the rats were again moving normally except for a slight atactic
gait in some animals.

Action of Product 2, In the second experiment Halon 121, was

again used, this time of 99,8% purity. The Halom concentration
in the experimental enclosure was increased more rapidly than in
the previous experiment, as can be seen from Fig, 2.

[riGuRe 2]

During the first 20 minutes, during which in contrast to
experiment 1 the jlalon concentration increased to over 5 vol %
(see Fig. 2), no differences could be discerned in the behaviour
of the 10 rats used in this experiment compared with that seen
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during the same period in the first experiment, At a concentra-
tion of 8.1 vol % of product No., 2 one of the 10 animals developed
clonic convulsiuns, briefly preceded by slight tremor, At 7.3
vol % sevoral animals displayed slight tremor an”? accelerated
forced bresthing. Cyanosis of the skin now began in all the
animals., Only one of them had periodic clonic convulsions,
but without lying on its stomach or side, Between convulsions
it moved normally. At 8=9 vol % half the animals were lying
on their stomachs, and the rest walked very unsteadily
(staggering) and din;lsyed severe tremor, Several animals
splayed out their rear extremities. At 10 vol % 8 animals
were on their stomachs or their sides, but only 2 had clonic
convulgions, On further increasing the Halon concentration,
we cbserved most of the rats to be in a narcosis-like state
with motor paralysis, and increased cyanosis., This cyanosis
together with the strong tremor during clomic convulsion, snd
breathing disorders, could clesrly be observed at 13.5 voi %
Halon concentrstion, Further increases an coucentration
induced a more and more narcosis-like . -ate in the animals,
interrupted by strong tremor and occasional convulsions, Up
to 20 vol % Halon the symptoms remained as described, with
intensification of cyanosis esnd respiratory disturbances,

The first two animals died when the Halom 1211 (Product
No. 2) concentration reached 21.4 vol $. The Halon 1211
concentration was further increased to 22,7 vol 4, at which
level 6 of the 10 animale had died, before the experiment was
ended by passing in clean alr, One more animal died during
tbe replacement of the Halon/air mixture by clean air. Ome
hour after the end of the experiment the surviving rats had
recovered to such an extent that they were sble to move sbout
easily, still with slight ataxis.

A repeat experiment on 10 rats wiih product No. 2 involved
sbout the same rate of Halon concentration increase as the
previous one, and the same symptoms were seen at comparable
gas concentrations, 8o that we may ocmit a detailed account of

the experimental conditions. Once again the mean lethal
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concentration for product 2 lay between 22 and 23 vol », The
Halon 1211 describod as product No. 3 had therefore a mean
Jethal dosage of 23.5 vol %.

Action of Product 3, 1Ina fourth experiment, k .lon 1211 of

92.7% purity, described ap product No, 3, was |tu¢1ed. As

we have previocusly stated this sample of Halon 1211 contained
7.0 vol & flalon 1202. As in experiment 1 the Halow concentra-
tion in the exparimental enclosure was raised alowly : the Halon
eor. >niration nt various times are shown graphically in Fig. 3.

LrIGURE 3)

Note. Caption says "Produc’ Noe 2"
I tbink it should say "Product No. a",

Once again there was no dotectable difference in the tirst
20 minutes between the behaviour of the 10 rats in this experi-
ment and of those in the firat experimen. over 3ha rame peri.d,
20 - 40 minutes after the start, durin~ which time the Halom
concentration passed 3 vol %, a narrowing of the animals' eyes
was observeble, After 75 - 80 minutes, at 4,5 vol % flalon,
incipient cyanosis of the visible skin areas was first noted,
At 100 - 120 minutes, Halon level 5.3 vol %, increased breath-
ing rate was noted, in addition to the more pronounced breath=
ing movements seen with increasing ‘alon concentration.
Several animals became subject to intermittent tremor when the
Halon concentration reached 6.3 = 6.4 vol %, About 140
minutes after the start ome animal had a clonic-tonic con~
vulsion lasting less than a minute. 8light nasal secretion
began as the Iialon jevel passed 7.0 vol §, und two more animals
now displayed transient clonic-tonic convulsions. After more
than three hours, as the Mslon lavel passed 8,5:, one rat lay
on its side, and had brief clonic-tonic convulsions. Above
@ vol % 6 of the 10 rats were lying on their stonachs or their
sides in a narcosis-like state, with suporimposed tremor snd
transient convulsive attacke. Cyanosis increasod and was

very pronounced at @ Halon concentration of 11 vol s, VWhen
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the 10 vol % Halon level was reached all the animals wers on
their stomachs or their sides, and subject to periodical clonic~-
tonic convulsions,

After = hours the experiment was ended at the 11 vol % Halon ~
level, by passage of clean air. 12 minutes after the end of
the experiment all the animals were moving, but showed signs of
slight ataxia, which could still be observed in same of them 40
minutes after ending the experiment.

In a 5th experiment product No. 3 was again studied on 10
rats, but the rate of concentration increase was more repid.
The levels reached at various times are shewn graphically in
Fig. 4,

{FIGURE 4)

During the first 20 minutes the behaviour of the animals was
the same as in the previocus experiment, After 30 minutes st a
Halon concentration of about 4.5 vol %, an increase in the
breathing rate was noted, Once again a narrowing of the rats'
eyes was also seen. At about 6.5 vol { tremor set in together
with some locomotor co-ardination disturbance and incipient
cyanosis, In this experiment the first rat suffered clonic~
tonic convulsions at a Halon concentration of 6.85 vol 4, The
stomach or side-lying position was cbserved st apprax, B vol %,
As the Halon concentration rose the ¢yanosis, tromor, the num-ar
and duration of the convulsive episodes and the frequency and
difficulty of breathing increased, and the rats went more deeply
into the narcosis-like state. At 10 vol % all of them were
lying on their sides or their stomachs,

At a concentration of 18,3 vol % product No. 3 the tirst rat
died, at 20.4 vol % four of them, and at 21% five of them were
dead, Exporiment & was onded at a Halon concentration of 21%,
One rat died a fow minutes after Passage of fresh air was started,
The remaining animals recovered about as fast as those in the

Previous experiment, but remained somevhat atactic for several hours.
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‘(d) Action of Product 4. - In a #ixth iiperi’m‘n’t ‘the Halon 1211
: nmplo ducribed a8 product No,. 4 was tested: . ‘4t was 790.9%
pure, and contained 20.0 vol % added Hulon 1202. The rate
‘of increase of Halon concentration in the encloau 3 is shown

graphically in Fig. S,
(ricure 5]

Dvring the first 20 minutes of the experiment (in which 10
rata were again used) as before no behavicural difference from
earlier experiments was observable, After 20 minutes, at a
Halon level of 3,6 vol %, an increase in breathing rate was
noted, Narrowing of the eyes was :.lso cbserved in this
experiment., Cyanosis and the onset of tremor occurred in
several animals after 30 minutes, as the Halon level passed
6 vol 4. The animals' breathing was more rspid and more
strained., After 40 minutes cyanosis and ¢remor had coasider-
ably increased in all the animals. 45 minules after the start,
when the Halon concentration reached 7.7 vol %, motor disturb=-
ances were soen in three animals, who developed a staggering
gait, while six animals passed into a narcosis-like state, One
further animal had a brief clonic-tonic convulsive spisods,
Further increasing the Halon level to 10 vol % intensified these
symptoms and the narcotic state, The firat animal died at 14,0
vol %, two had died at 16.4 vol 3, four at 17.5 vol % and six at
18.8 vol %,

After 23 hours the experiment was ended (at 18,8 vol % Halon)
in the same way as in the previous experiments, For several

hours more the rats showed slight cyanosis and ataxia.

(e) Action of Product 5. In a seventh experiment the Halon sample

described as product No, 5 was investigsted using 10 more rats,
This semple contained ©9.9 vel % Halom 1202, The increase of
the Halon concentration in the enclosure during the experiment
is shown graphically in Fig. 6.

[ricurs 6]
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Only 5 - 10 minutes after the start of this experimen. at &
Halon level of approx 0.4 vol % slight motor disturbances,
namely staggering gait, were observed, The other known symptoms,
unease, blinking and stereotypiss were also observed. At 0.9 vol
4 Halon the motor disturbances increased signiticoatly. 40
minutes after the start, at 1.1 vol %, several animals began to
breathe more rapidly. At 1.5 vol %, 50 minutes, tremor sot in
in several rats, and one animal had a brief clonic-tonic con~
wvulsion, At this Halon level all the animals showed more rapid,
torced breathing and cyanosis of the visible skin areas. 85
pinutes atter the start at 1,7 vol % Halon four of the animals
were lying on their stomachs and suffered periodical clonic~
tonic convulsive attacks. The symptoms increesed greatly up
to 2,2 vol % Halon, and copious flov of saliva began. The
convulsive episodes becr.~® continuoui clonic-tonic convulsion
of mild to moderate intensity. Over 3 vol % all the snimals
were in s narcosis-like state lying on their stomachs or s2de,

and most of them were 4n permanent convu)sions,

At a Halon concentration of 3.0 vol % the 2irst animal died,
At 3.8 vol % two, at 3,09 vol % four, and at 4.0 vol % eight of
the 10 animals had died.

At s Halon concentration of 4,1 vol % the experiment was
ended in the usual vey. 30 minutes later the surviving two
rats were still lying on their stomachs, with strained breathing

and cyanosis. Sedation could still be seen in both of them foOT
several hours.

(2) Action of Product 6

in an eighth experiment product No, 6, Halon 2402, was invest-
jgated using 8 gurther 10 rats. The purity of this Halon
sample was 99.4 vol 3. <The increase ot Balon concentration in
the enc)osure during this experiment is shown in FPig. 7.

{ricure 7)
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During the first 5 minutes of the éxperiment stereotypies and
unsase wers agsin observed, as in the previous experiments.
Marked motor co-ordination disturbance set in at 1.2 vol % Halon,
The animals staggered backwards and forwards, stood on their
splayed hind legs in a defensive position and exhibited
pronounced tremcr of the extremities. The breathing rate was
considerably accelerated, Between 10 snd 20 minutes after the
start sedation and rapidly increasing cyanosis began. At 2.5
vua & Halon 2402 this sedation became a narcosis-~like state in
3 of the animalc, which lay on their sides, At 2.8 vol % clonic
convulsions began in 4 rats, which were lying on their sides.
The other animals staggered backiards and forwards, falling on
their sides and getting up again, The tremor was now very
marked, When a Halocu level of 3.5 vol & was roached all the
animals were lying on their stomachs or their sides and had
clonic convulsions,

As the Halon concentration increas-J further 2 of the 10 rats
died at 5.7 vol % Halon 2402, and 2 more at 5.8 vol %,

89 minutes from the start this experiment was ended in the
ususl way. The Halon concentration at this point was 5,8 vol
%. Four minutes after the end of the exveriment 2 more rats
died, so that & of the 10 did not nsurvive the experiment., Two
hours later the surviving animals were behaving normally, apart
from slight sedation,

Action of Product 7

In the ninth experiment Halon 2402 of 96,5 purity, described as
product No, 7 was studied in 10 rats. The measured Halon con-
centrations for this experiment are shown graphically in Fig. 8.

{ricure 8]

During the first 5 minutes of this experiment the behaviour o
the animals did not differ sipnificantly from that seen in the
same part of the previous experimont, In the next 5 minutes

0i.. '~h~ance Of the animals’ motor co-ordination was noted: they
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staggered, fell repeatedly on to their sides and gotup again,
Fifteen minutes after the start the animals' motor activity
decreased, Twenty minutes after the start, at 2.3 vol % Halen,
cyanosis set in, the breathing rate increased : .gnificantly, and
some of tae animals wore transiently lying on their stomachs or
their sides. and displaying marked tremor, At 3.2 vol % Halon
first one rat suffored e clonic ccavulsive episode, while lying
on its side, and a fow minutes later 7 of the rats had mild
cen~tinuous clonic convulsions, The remaining animals lay on
their stomachs or sides., As the Halon concentration rose the
cyanosis and respiratory disturbances increased, These symptums
had been observed in all the animals (which were in a narcotic
state) by 80 minutes from the start (Halon concentration 4,6 vol
*).

The tirst animals died when the Halon level exceeded .5 vol %,
At 5.6 vol % 3 had died, and at 5.7 vo! § 5 more died, 13
minutes after the stert the experiment was ended in the usual way.
The 2 surviving animals still showed signs of slight sedation 2

hours after the end of the experiment.

2. Comparison of the active concentrations in rats for the various Halons

The sbove results showed that the taxic concentrations of the different
Halons vary considerably. Iin order tn compare the lowest concentra-
tions at which the individual Halons showed activity, it secmed
advigable to set out the individual symptoms which we regarded as
toxic.

From the rising concentration experiments, the first symptom
caused by products 1 (99,9% Halon 1211), 3 (Halon 1211 + 7% Halon
1202), 4 (Halon 1211 + 20; Halen 1202), 5 (99.9% Halon 1202) and
6 (99.45 Halon 2402) was respiratory disturcance, With product 6
tremor began at the same time as respiratory disturbane, while product
7 (96.5% llalon 2402) caused tremor, respiratory disturbance, and the
paralysis or muscular relaxatiun described as & narcotic effect all
at the same concentration.
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i‘i‘g. ] |how ‘these toxic ;ctlvttio- ‘gor. tm v;i-i.oua Halons and-
Halon ntxturu. as found in the above oxperihent-, prese ed

gnplttcsny wi.th tho vol % concontrat!.onn at ‘which tF°7. bdg.n. o

PIGURS ©

Toxic Symptoms in Rats, Males, 160-80 g

Tremor
@ Respiratory Jisturbance
Paralysis
m Convulaive thresholu

Comparison of the toxic concentrations in this tigure ghows that
Halon 1211 is tolerable in higher con ncentrations than the other
Halons, before the toxic activity appesrs, in this case solely as
pervous system effects, such a8 convulaions and the porcosis-1ike
state we described as paralysis, during which the rats lay oo their
gtomachs or their sides a8 weo have already described.

The narcosis-like state we described ss parslysis appesred last
with producis 2 and 3, snd clesrly demonstrated & dependence on the
percentage of contaminant 4{n the Halon 1211, Such s dependence can
also be scen when the lethal concentrations are compared, as in rig.

10, where thess are presented gruphi.c.ny.

From the mean jethal doses (LD50) shown in rig. 10 we establisned
that there was no statistically significant difference between the
LD30s for product 2 (22.5 vo} 4) and product 3 (20.9 vol %) The
differences in the toxicity of the various Halons are even wore
apparent from tho lethal concentrations (Fig. 10) then from the
mininum levels causing peurotoxic symptons such as tremor or con~

vulsions (Fig. 9).
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FIGURE 10
Y ———————

Acute LDS5O in rats (Male 160-180 g) with upper and
lower limits of confidonce,

Results of expe: iments in cats

In a study of Halons 1211 and 2402 in cats we used products 2, 6
and 7, taking 2 cats in each case, one at a time, So as to prevent
them mwving about in the cage, which would have complicated detailed
observation, we placad soft stuffed plesstic objects in the experi-~
mental enclosure, The cats could still sit and lie down without
hindrance. All the animals were accistomed to passage of air
through the enclosure before the Halon experiment was begun,

(a) Activity of Product 2

In the first of the 6 experiments no toxic symptcaz wore
cbserved in the first 15 minutes, during which the Halon 1211
(product No, 2) level roge to 1,5 vo. k. After 16 minutes, at
1.8 vol §, the cat periodically shook its head, After 28
minutes, at 2,7 vol &, the cat became uncasy and looked for a
way out, At 3.0 vol 4 it made slight defensive movements with
ope of its fore-paws. After 33 minutes, at 3.5 vol %, the cat
took up a lowering position, and began cbewing and licking move-
ments, After 42 minutes it again became uneasy, pressed itself
backwards with slichtly jerky movements, and showed significant
pupil dilatation, The Halon concentration was then 4,1 vol 4,
After 45 minutes, at 4.4 vol %, the cat was making Jerky head
movements and defensive moveasnts with its forepaws, and had
considerably dilated pupils. Three minutes later at 4.6 vol

% slight saliva flow and staxia was cbserved,

At 4.8 vol %, SO minutes from the start, the sawe symptoms
wore ocbserved, and at 5,1 vol %, 524 minutes clonic tonic con~
vulsions began. After 53 minutes the experiment was terminated
in the usual way. Two minutes later the cat was still breathing
harshly but was otherwise normal.
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In the next experiment (No. 2) no significant behaviocural
change was seen for the first 40 minutes, during which time the
Helon concentration reached 3 vol X. VWhen it reached 3,1 vol
%, after 4. minutes, the cat began to be uneasy, shook its head
occasionally and swallowed and licked itself repeatedly. After
85 minutes, at 3.7 vol %, the animal was looking for a way out,
moving unsteadily; 4t was unecsy and shook its head from time
to time., After 70 minutes, at 4.9 vol %, dilated pupils,
slightly jerky defensive movements und ataxia were observed.,
After 72 minutes, at 3.5 vol %, clonic convulsions set it,
which occurred at intervals as the concentration rose over the
pext 2 minutes to 5.9 vol %.

74 minutes after the start the experiment was terminated in
the usual way. Less than 1 minute after introduction of fresh
air the convulsions ceased, and over a few minutes the behaviour
of this cat became normal, Like the fir:t one, this cat waa
still shy and frightened the following day.

Action of Product 6

In the third experiment Halon 2402 of 99.4 vol § purity (product
No. &) was studied, Five minutes after the start, at a Halon
level of 0.3 vol % the cat had somewhat enlarged pupils and was
blinking its eyelids, After 10 minutes, at 0.5 vol 4, head
shaking, slight tremor, unease and atactic gait were cbserved,
After 30 minutes, at 1,3 vol %, the symptoms were about the
same as safter 10 minutes. At 40 minutes, 1.8 vol 3, the
animal's unease dissppeared, and it lay on its stomach, the
ataxia being now more pronounced. At 47 minutes, 2,2 vol A,
tonic convulsions began, the animal lying on its side, Om
further increasing the Halon concentration to 2.6 vol 4, the
convulsions became clonic tonic and the gnimal rolled onto its
stomach. Two and half minutes after the end of the experiment
4he animai had greatly recovered apart from repeated head~
shaking.

Product No. 6 was mspain studied in the fourth experiment,
In the first 5 minutes thz cat's behaviour was the same at the
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sane Halon lovels as in experiment 3, After 10 minutes, at

0.5 vol ¢, unease and head-shaking were cbserved, After 16
minutes, at 0,9 vol %, a slightly atactic gait was seen, At

20 minutes, 1,1 vol %, the cat was very atactic and gasping for
breath, At 30 minutes, 1,4 vol %, there was slight body tremor,
marked unrest and ataxia with gasping breathing, At 40 minutes,
1.8 vol % carked tremor and ataxia and pronounced gasying were
observed, At 50 minutes, 2.4 vol %, the symptoms were much the
same as after 40 minutes, At 54 minutes, 2,5 vol %, the animal
a4y On its stomach, then rolled onto its side, with clonic-tonic

convulsions,
After termination of the exp:riment the cat at first remained
on its side, then stood up after 7 minutes, and recovered rapidly

apart from slight at.:ia of rather longer duration,

Action of Product 7

In a fifth experiment 6.3 vol % Halon 2402 (product No, 7) was

studied, Four nminvte?z after the st.rt, st 0,2 vol i Halon, the .

third (?) cat showed slight signs of unease, At 10 minutes,
0.5 vol 4, more marked unrest was noted, together with slightly
atactic movements, occasional head-shaking and blinking. At 15
minutes, O.8 vol %, there was increased ataxis erection of the
fur and marked unrest, At 30 ainutes, 1.4 vol %, the animal
lay on its side after displaying more pronounced ataxia, At
35 minutes, 1.8 vol §, we also noted an optisthotonic fixed
head position. At 4C minutes, 2.1 vol %, in addition to the
optisthotonus, the animal was lying on its side, its eyes
closed und breathing in gasps, 44 minutes after the start,

at & Halon level of 2.3 vol %, clonic-tonic convulsions set in,
After 47 minutes altogether, a concentration of 2.3 vol { was
reached, and the convulsions became continuous., Two minutes
later the experiment was terminated in the usual way. Six
minutes after termination the cat was sufficiently recovered
to move about, albeit atactically. After about one hour it
had completely recovered.
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In experiment 6, product No, 7 was again tested, This time
the cat arched its back and was shaking its head in the first
minutes of the experiment, at a Halon level of 0,2 vol %. At
10 mirutes, 0,5 vol %, it was blinking and repeatedly shaking
its head, At 15 minutes, 0.8 vol &, its fur stood erect as
well., At 20 minutes, 1.1 vol %, it was uneasy, moved
atactically and jerkily and its fur was still erect, At 30
minutes, 1,4 vol % it showed the same symptoms, with marked
ataxia and unease, At 40 minutes, 1,9 vol %, saliva flow
vegan and the marked ataxia was replaced by a lying posture,
first on its stomach then on its side,

The saliva flow increased, ‘he animal got up again, with
very atactic movements, and then again lay down, at 48 minutes,

2.4 vol 5. After &/ minutes, at 2.7 vol % Halon, clonic-tonic

convulsions set in, the animal lying on its sids. After termina-

tion of the experiment 10 minutos passed before the animal got
up spontansously, and it then recovered rapidly.

Summary of the activity in cats

Summarising the activity in cats during these 6 experiments we
see that behavioural changes such as unease and stereotyped
behaviour first occur sbove 1.5 vol % with Halon 1211 (product
No, 2), while the same changes are seen at 0.5 vol % when
Halon 2402 is studied (products 6 and 7),

In both experiments with Halon 1211 we could not before
convulsions began detect any narcosis~like state similar to
that 'obnrved with Halon 2402, The concentrations et which
the onset of convulsions occurred are presented graphically in
Pig. 11,

(rIcure 11)
Convulsion thresholds in male and feuale cats
Although the convulsion thresholds are different, the cat

experimonts also show that the toxic concentrations of Halon

1211 (procduct No, 2) are sufficiently higher than those for
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Halon 2402, oither as product No, 6 or No, 7, so that Halon
1211 may be considered less toxie,

Discussion

The comparison of Halons 1202, 1211 and 2402 was of especial interest,
since these three compounds are well know.. os fire-extinguishing agents.
The difference in the lethal concentrations of Halon 1211 and of the
other two Halons seemed remarkable,

If one compares the Halon 1211 and 2402 concentrations quoted by
Engibous and Torkelson (7) as being just not lethal in rats, here too
one can sce a significent difference bet:een the two fire-extinguishing
sgents, The authors report that exposure for 1 hour to Halon 1211 con~
centration between 150,000 and 200,000 ppm was not quite lethal, while
the comparable values for Halons 2402 and 1202 were 60,000 and 40,000
PPm respectively,

These results give concentrations which are just tolerated by the
rats, and compare well with the experimental results obteained in our
work, if when speaking of the tolerability of a compound one restricts
oneself to its lethal activity, as this is most accurately assessed in
aninal experiments,

The authors referred to above, also give the lethal concentrations in
rats for Halon 1211 at various exposurs durations, Comparison of the
mean lethal dose given in the p. ysent work for normal commercial Halon
1211 (product No, 2) with the values quoted by these authors, shows a
good sgreement provided allowance is made for the fact that in our
experiments the Halon level was raised steadily, while the data given
by Engibous and Torkelson related to continuous exposure to a constant
concentration sufficient to cause death,

A further comparison of lethal concentration values for the extin-
guishing agents used here may be found by referring to the work of
Groess (6).
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The presence of added Halon 1202, which is quite toxiec, in Halon 1211
rendered the Halon 1211 itself more toxic as might have been expected.
When the relation between the mean lethal dose .n& Halon 1202 percentage
in Halon 1211 is calculated, the resulting increased toxicity of Halon
1211 is obtained, and is presented graphically in Fig. 12,

LrPIGURE 1)

LDSO in vol % for Halon 1211/1202 Mixtures in Rats

Concerning this increase in Halon 1211 toxicity on admixture of Halon
1202 it should be remembered that there was no significant difference
between the toxicity of 99,.6% Halon 12i1 and 92.7% Halon 1211 (containing
7 vol % Halon 1202). When small amounts of Halon 1202 are present in
Halon 1211, for example the ~ vol ¢ contained in product No, 3, it must
be impossible to observe the difference in tolerability with any experi-
mental arrangement of the type we used,

During 21l the experiments described her~ the Halon concentration was
gradually increased, so as to allow cbservation of the animals’' reaction
at the different concentrations. Using this method, with continual
increase of Hpolon concentration in the experimental enclosure it was
possible to distinguish between symptoms typical of animals' reactions
to a strange gas and those due to its actual toxicity, For example
we did not consider that the animsls' ur2ase, sniffing around and head-
shaking were pathological in nature, while the cyanosis, not seen in all
experiments, should be so considered. With pure ilalon 1211 it first
occurred over 7 vol %, while Halon 1202 (product No, 5) already laused
it at 1.5 vol & and with Halon 2402 the corresponding value was of the
order of 3 vol %. In considering the experiments deacribed here we
should assess these toxic effects in relation to the experimental methou
used, since the cuncentrations producing them were reached at different
points in time, For this reason the experimenis were repeated even with
the less toxic products so as to allow a 2econd chservation of the toxic
symptoms produced using a more rapid gas level increase,

It can be seen that the rate of increase of Halon concentration must
have an effect on the onset of toxic symptoms, from the results concerning
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the onset of convulsions in rats which inhaled product No, 4 (Halon 1211
and 20% Halonm 1202). 1n experiment 8 the concentration of Halon 1211
which contained 20% Halon 1202 and 8O was more toxic was raised move
rapidly than in experiment 4, in which the concentrat.on of the purer
less toxic product No. 3 (see Fig. 10) was raised more slowly,

For the pure forms of Halons 1202, 1211 and 2402 we used experimental
conditions involving slow increase in the gas concentration (see Figs.
1, 3, 6 .ad B), z0 that we were able to compare not only the lethal
effects caused by repid increase in concentration, but also the taxic
symptoms caused by low concentrations,

The experimenta with cats should have confirmed the differences
between Halons 1211 and 2402 found in rats. Chenges in behaviour
during a single experiment could be observed more easily in the cats
than the rats, Comparative experipents with ammonia showed that even
at 0,05 vol % mxs cats were already uneasy, crooled -nd had dilut: 3 pupils,
Head-shaking, licking and sneezing were also seen at this NI{3 concentration,

Taking into accourt the cbservations on the cbviously behaviourally more
sensitive cats we conclude that as well as cysnosis the other toxie
symptoms shown in Fig. © most readily allow a comparison of the Halons
studied,

In comparing the toxic symptoms and the lethal doses we conclude that
the maximal Halon 1202 toxicity given by the authors cited above 1is
dorived not only frocm the lethal activity, but also from the reversible
toxic actions seen at lower concentrations. (See Fig, 9). The same is
true for the difference described between Halons 2402 and 1211, however
in this case because of the difference betwesn our experimental conditions
and those chosen by the other researchers, the possibility cannot be
excluded that in respect of the reversible tu<ic symptoms the difference
between pure Halon 1211 (product No. 2) and Halon 2402 may in fact be even
greater than might be supposed from the jethal doses quoted in the litera-

ture .
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At any rate narcotic effects from Halon 1211 are only to be expected
at concentrations significantly greater than thoso necessary for tire
extinguishing in a closed space (3-5 vol %).
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Halon 1202: Acute inhalation toxicity in rats is of low concern. A group of ten male Sprague-
Dawley rats was exposed to increasing concentrations of the test compound. Clinical signs of toxicity
were observed at 24,000 ppm and included staggering gait, tremors, cyanosis, narcotic motor paralysis,
convulsions, and respiratory distress; 8/10 animals died (1/10 at 30,000 ppm, 1/10 at 38,000 ppm, 2/10
at 39,000 ppm, and 2/10 at 40,000 ppm). The LCs, was 40,000 ppm.

L

Halon 1211: Acute inhalation toxicity in rats and cats is of low concern based on the results of five
studies. In the first three studies, groups of ten male Sprague-Dawley rats were exposed to increasing
concentrations of the test compound. In the first study, clinical signs of toxicity were observed at
270,000 ppm and included tremors, cyanosis, narcotic motor paralysis, convulsions, and respiratory
distress; there were no deaths. In the second study, similar clinical signs were seen at 260,000 ppm,
and 7/10 animals died (2/10 at 214,000 ppm, 4/10 at 227,000 ppm, and 1/10 after study termination).
The results of the third study were comparable to the second study (no details provided). The LCsg
was 225,000 ppm in rats. In the fourth and fifth studies, a cat was exposed to increasing
concentrations of the test compound. In the fourth study, clinical signs of toxicity were observed at
241,000 ppm and included pupil dilation, altered behavior (excessive grooming and jerky movements),
salivation, ataxia, and convulsions. In the fifth study, clinical signs of toxicity were observed at
249,000 ppm and included pupil dilation, altered behavior (excessive grooming and jerky movements),
ataxia, and convulsions.

L

Halon 1211/1202: Acute inhalation toxicity in rats is of low concern based on the results of three
studies. In these studies, groups of ten male Sprague-Dawley rats were exposed to increasing
concentrations of the test compound. In the first study, clinical signs of toxicity were observed at
253,000 ppm and included tremors, cyanosis, narcotic motor paralysis, convulsions, and respiratory
distress; there were no deaths. In the second study, similar clinical signs were seen at 265,000 ppm,
and 6/10 animals died (1/10 at 183,000 ppm, 3/10 at 204,000 ppm, 1/10 at 210,000 ppm, and 1/10
after study termination). In the third study, similar clinical signs were seen at >60,000 ppm, and 6/10
animals died (1/10 at 140,000 ppm, 1/10 at 164,000 ppm, 2/10 at 175,000 ppm, and 2/10 at 180,000
ppm). The LCs, was not determined in these studies.

L

Halon 2402: Acute inhalation toxicity in rats and cats is of low concern based on the results of six
studies. In the first two studies, groups of ten male Sprague-Dawley rats were exposed to increasing
concentrations of the test compound. In the first study, clinical signs of toxicity were observed at
212,000 ppm and included staggering gait, tremors, cyanosis, narcotic motor paralysis, convulsions,
and respiratory distress; 6/10 animals died (2/10 at 57,000 ppm, 2/10 at 58,000 ppm, and 2/10 after
study termination). In the second study, similar clinical signs were seen at 223,000 ppm, and 8/10
animals died (3/10 at 56,000 ppm and 5/10 at 57,000 ppm). The LCs, was 58,000 ppm in rats. In the
next four studies, a cat was exposed to increasing concentrations of the test compound. In the third,
fourth, and fifth studies, clinical signs of toxicity were observed at 25,000 ppm and included head
shaking, tremors, ataxia, and convulsions. In the sixth study, clinical signs of toxicity were seen at




22,000 ppm and included head shaking, jerky movements, piloerection, ataxia, salivation, and
convulsions.




